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га 


|= 925 2]о|} 16S rDNAS COI FARA 2A et 
ФА ei AES] maga 
з.ы = gr. o a Alas 


(QUAS AVS: FARAR Фын раф AERA 


е 4 


эділ) SAF Oz ШЕ Ар = 44, # (Crassostrea gigas Thun- 
berg), 39 = (C. пірропа бекі), = (C. rer Fujita et Wakiya), €x 
(Ostrea denselamellosa Lischke)9] PRA cg9xr3 E XApepEAp WEEE 
ор РМА?) 165 rDNA} cytochrome c oxidase I (СО) 487] 9x9] 97] 
А ©. ои 16S rDNA 9] 319 Ър® COI 9-Я д9] 710 bpo PCR ажа) 
ej 971492 я9 90, g7pA4gs potag AEE әр UPGMA 
3r ы інде ASSES 1015 жу 9А) sess. 
Crassostrea $3} Ostrea &2 |а) Ў ТАА EJE МЕМ оң 
45-4 Az, neighbor-joining "Pel уе COIS] oxra ААА 
ZH жо] AMS Ss FAS HALY | PAAA dS А-Т 
WHS sue] #4 Bs] AMES BRIE ROZ utu. 


Key words: Oysters, 16S rDNA, COI, Phylogeny 


4 = 


= Eso] AAS = AAS (Ostrea cucullata cinerea Ве x $e] Bal 8] BAA 
S273), 1997) 1 = 44, (Crassostrea gigas Thunberg), Н] (C. nippona Seki), 
ariakensis Fujita et Wakiya), Е = (Ostrea denselamellosa Lischke)- AJTE 1 АХАТ 

SS Шор) a YAS Agel. Est So] Bro] Harte clHo] ош op udis 
Sr PAA] SAS] А) Vr. Pee} SHAME JAAA EE $29 AAS АА 


EES 19994 HIP aeegeco uan] APM AAA AA PRA Azad ay 


203 


204 Korean J. Syst. Zool. 16(2), October 2000 


= *(C.gigaszb JAZA EAH JAJ WY Sel sS] (C. nippona) 59) AA. ӛрге) Wat A 
ҸАФ А зо) ФА FLEE WY AAs 9149) Sou SES] FA xeu ga 
AGAES s OFS WE UBS ADV]. 95] AEG HS шо] aeu $4 SEI 
яң я eu ma :034| 800) JEL + Ҹә gii 910 ne ца ды FA 59) fz 
Фә SUS] ер А99] AFAA SAS 4s А ч) о)|8- ре eu. oqa BP 
А95] ле Lom Sr] ден SPS мо) ТҮРЕ SA] жо A дә жа 


4 319. 

Ago que) nip RARAS WIS AFA DNA EAE Set debe Hyso) gag 
a. 3\T} (Banks et al., 1993, 1994; Anderson and Adlard, 1994; Littlewood, 1994). # SAFE Gal st 
So] PAIAY Ааа xpmom Әле SH а о ERGA AAS BAAL 4 FNA A 
жа атала 1999 AAA ES Belo NAT оңы EEEE} DNAS 165 rDNA 
S} cytochrome c oxidase subunit СО) FAJ} UZ S7YSS sv, AMS ЕЦЕ = 
то AF PaaS жора 


ШЕСІ 
1.4] ж 
EAN ARES SAKE 1994-19974] BS 399] $9, Ise 359 gg, see Ay 
38, ESS ЯН ATMA S27 PLETE AA, APSA (Fig. 1). 


2. п} == оо} DNA (mtDNA) #2 

x ASPE mtDNA Že Bimboim»] Doly (1979) З ©- 7] 8% Рама) Palva (1985)9] x 
€ А8599. 4 = HA NBSP AD )AS 21919582855) 1-3g] Ад] A 
за 3- ТЕК 9-42-23 (50 mM Tris-HCl, 10 mM EDTA, 1.5% KCl, pH 7.5)&- 2 x. uta] s 224 
Al АЧ. AAS 4°C, 4,000x go] AAA 3E dz; AME T4996 | 
zk9] 1596 sucrose- TEK 23S 37|5-9 с}. 4°C, 4,000 хдд Ажа A А290. 12,000xg 


34? 


126? 128* 


Fig. 1. Collection sites of oysters in Korea. 1, Pohang; 2, Jinhae; 3, Namhae; 4, Yosu. 
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А oA) Ataa таг ор JANAT. PAS 18% SDSE Чо) пры =шор ч 
€ SAAS phenlS #7189 A SH F 12,000xgelA] S4 Eelspy AFAA YBSS 
AHAA EZ} DNAS uuu. JAA пр его DNAE 99] ==] РСКо{ А} 
$ esu. 


3. PCR 3 DNA ЛАЗ AJ 

п 5521 zo} DNAS] 16S r(DNA2 СО A] AFPS Taq DNA E 8: & 2 (Promega4]) = PCR = 
Fatt. 16S:DNAS] SSS ze] Бо] 49] 16Sf 5/'-CCGGCCGCCCTAGCGTGAGGG-3' 9} 
16Sr 5'-ATTAGCCTGTTATCCCCGGCG-3' primer& 9]& 8S1 t} (Banks, 1993). 94°Сој A 144, 52°C 
oA, 15 Ја 72°CoA, 23:4] 353] чыра DNAS ЖАЙҒА COIL LCO 1490 5'- 
GGTCAACAAATCATAAAGATATTGG-3' 9} HCO2198 5'-AAACTTCAGGGTGACCAAAAAATCA-3' 
universal primer 9]-2-8] 91 0 (Folmer, 1994). PCR productS2 1.296 agarose gelo A) A7 SSR 3- 
QIAXII(QIAGENAD = elutions}>] 5171448 AAA ABSA. DNA AAAY aeg 
3-417] ABI373 (Perkin Elmer) Ж ^H£se]o] RAIAT. 


4. AES Ab 

871422] | ш MULTALIN program (Corpet, 1988)£& A}-23+9 т}. Pairwise distance Tamura- 
Nei method °]83}o] ANIFAIL AERA neighbor-joining method} UPGMA H3 A} 
gA ru 6}91T} (MEGA version 1.02 and version 2; Kumar et al., 1993). Fitch-Margolish method 
(PHYLIP 3.6; Felsenstein, 1993) A}-2-8}o} AFANAT. 


арылы 
SAL BH 454д SBS vy] BSC zo} DNAZ#E 165 rDNA #44 914339] PCR ZEA 


же Яо) AQ AINAS AAAH, я хеј} pGEM 329) SHY А 5 g7]49$ 3 
78 59 t+ (xt, GeneBank accession No. AF177226; "|9 =, AY007426; 2}=, AY007427). ZEAE S 


100 
CG TGCTAAGGTAGCGAAATTCCTTGCCTTTTGATTGTGGGCCTGCATGAATGGTTTAACGAGGGTTTGACTGTCTCTAAATTTTTTA-TTGAAATTGTACTG 
CN «01b ee ГЕПАТИТКЕ. G....... -........... T.. 
САз%еде е бысы Cera ok ero se ese E E Асшаяа ladder ығы aae Дебат баи, TG. АДА.-.............. 
ор ............................. А..... А............... С.......... С..А......... GGT..ACAGGG.CT......G.T.À 
200 
CG AAGGTGAAGATACCTTCATTTAAAAGTTAGACAAAAAGACCCCGTGCAACTTTGAAAATTAACTTTATTCAGGAGTAAAAGATTTTTAGGTGGGGCGCCT 
ИТКЕ ЛГІ ТУРА ПЕТ ТТТ a N JA crea AUR va qa a oca Ud Ae a сс.......... Аб; deos dee e жулуш aurea 
СА: ааа d dade sies А...... Crave ах ЕТ МОЛА ДЫН АСЫРЫ ыы A.s.Giigd44 4e батабаладағ 
OD: аа kite жегі pM m [rr [c E С..... СССТ..АТ.САСАААС.ТТ...................... 
277 
CG AGAAAGCAAGTCTAACCTTTCTGAATAACTAACTCTTTCCGGATTTGACCCGATTATATTCGATCATAGGAGAAGTT 
ON aues Тос e АР SLOT Di GT ace veiut e Ede сыл ұта al P Wa dd e Ue RC EUROS C 
СА ...... АСАН ыз к ITELT СЕТ СТ оь на Сн Sure sina e EP Y Y E аты 
OD .CIG..T..TA.......C.G.. T. . GGAA. .AA. .... AATTA.AA..... ССА..СС-........... A..T.. 


Fig. 2. Alignment of 277 nucleotide sequences of 16S rDNA. CG, Crassostrea gigas; CA, C. ariakensis; CN, 


C. nippona; OD, Ostrea denselamellosa. 


206 Korean J. Syst. Zool. 16(2), October 2000 


Table 1. Tamura-Nei distance matrix for the 16S rDNA gene fragment. 


1 2 3 4 
1. Crassostrea gigas m 0.013 0.016 0.040 
2. C. nippona 0.045 - 0.018 0.040 
3. С. ariakensis 0.073 0.081 - 0.037 
4. Ostrea denselamellosa 0.296 0.289 0.271 - 


Note: Distance in the lower-left matrix; standard errors іп upper-right matrix. 


CA 
93 cG 
CN 
OD 
k 
0.020 


Fig. 3. Phylogenetic tree for four oyster species based on the nucleotide sequence of the amplified 16S rDNA. 
Neighbor-joining tree constructed with Tamura-Nei distance matrix: bootstrap confidence intervals from 500 
replicates are indicated. CG, Crassostrea gigas; CN, C. nippona; CA, C. ariakensis; OD, Ostrea 
denselamellosa. 


319bpH PE 59А SUG 272 ZAJA. PrimerA SS AMS 276 ірЕ ДАО = A7) 
ASS BWIA (Fig. 2). 2? SFU SSE 92.4-97.1909] FAVS BAD, UAE 
74.7%-78.4%9] FAIS ЧЕЧ Ч. AA SHEL] 165 rDNA Wet ASE Ostrea $ 85-9) dal 
^] 9F 450 bp 2] 4°] ЎА NI (Jozefowicz and Foighil, 1998), 1% == (AF052067)2- $-u]7] St 
I Яз} SVs 495 ҸӘ F UBM ж Apolo 472] $37] |= EHH. 16SrDNA 
$j7]4]9 € Et] = Tamura-Nei method & A}-28}o distance matrix& 5А 89 =} (Table 1). Neighbor- 
joining У (Saito and Nei, 1987)8- ^F&- se] 292995 AS (Fig. 3E 58) 2719] FAS оз 
ЗЧ. 1A AAEE SS ҒАРЫ, AS 40 AAA SUA AAAS 9А Uen 
Gt. 16, 1973; У} 55, 1995), 4714851 КЕСЕР > = ло]7 Ланге BA Pat Ace 
ЧЕЧ. 

TRA) СО HAA BAAS 710 өре) PCR FAES AA d ANNES АЯ 909 
(<, AF177226; uM 9] x, AF300616; Z1, AF300617). == А] 9% 39А PCR 9 T" FA 
UL Primer 4 9% 609bp ues YAAA opor AVS BPs (Fig. 4) Cr- 
assostrea &9] EZ S7|ASYAS 85.6-85.796 AES] FAAS BBD, pArA ASS si 
e+ A} 96.1-98.5% 791-9] FAIS REM ESA] PCR HES Aq Bt FE se] 
Af SX FAA оір ANA Bae] AF ASS primer) AMA] А040 = ha ae 
= љазо. ы eie col poe S749 Yas $a) Ostrea angasi (AF112287, Foighil 
et al., 19998 Ф229 ABSA. CO PAAA S7]Agxb rag Ее 23 
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A 
100 
CG GTATTTGGATTTTGAGCTGTTCTTGCGGGAACTAGGTTTAGGTCTCTTATTCGTTGGAGACTTTATAACCCTGGAGCTAAGTTTTTAGACCCCGTGACTT 
CN абенов [m TA. rS hg [oer CERIS А..ТТ.С....С...А..б................. ТА, Сы 
СА ive Gro aside оын Ұлығ Асы Жаа Т/с аты ара sie EE A...T.G..... T TT. eC. 
OA ..T..... Шошка» Т T.GosT. Ts us АС....А...Т.А........ А..СТ.А.Т "IRE T..T..ATGC. 
200 


400 
CG GGAGTTGGGCCAGGGTGAACAATTTACCCTCCTTTATCAACTTACTCTTATCATGGAGTTTGTATAGACCTTGCAATTCTAAGCCTTCACCTTGCTGGTA 
CN... 

CA 
OA 
500 
CG TTAGCICTATTTTCAGGTCAATTAATTTCATAGTAACGATTAGAAATATGCGATCTGTTGGGGGCCATTTACTAGCACTATTCCCTTGATCTATTAAGGT 
2,561.6.. 6.5.05 TIR Gone eC. eis 
ЕР les ches 
..6..б.АТ..Сб..С...Т....б..б.......... jew es А. 
600 
CG TACTTCATTCTTGCTTTTGACTACTCTCCCAGTGTTAGCTGGAGGTCTTACTATACTTTTGACTGATOGTCATTTTAATACCTCTTTTTTTGACCCTGTC 
OEC со СИРА SU INE 
—— былкы Cei esu ise eos 
бАРА Ола Ti UA Ges А.А ТТС. себу абу Ger ess Te OCA Tas Core ecce NUUS PER ЕРОТ ' 
609 
CG GGAGGGGGG 
PD C 
СА ..G..T..T 
ОА ..T..T.. 
B 
100 
CG VEGEWAVLAGTSFSSLIRWSLYNPGAKFLDPVTYNAVVTSHALVMIFFFVMPVMIGGEGNWLIPLMLLVADMQFPRLNAFSFWVLPGSLYLMLMSNIVEN 
Ыыы кке tea uve deve Cea е КУКЫ cron pur UN uere ted s aue nS 
ККК ЕКИ MOL ese e ve Recte SE a gu азаа SUE Qs es Te dis Koss aided eee L.KS 
OA ..... Бышы: Derenin RixS5 ss Cohors СОО, аР М......... V...F.VV.AF 
200 
CG GVGAGWIIYPPLSTYSYHGVCMDLAILSLHLAGISSIFSSINFMVTISNMRSVGGHLLALFPWSIRVTSFLLLTTLPVLAGGLTMLLTDRHENTSFFDPV 
o MAMMA ТТС ТІН 
САБА Йыр тш EE Мены hunter RE LEES Кексу быу ica duh КЕСТЕ. 
ОА T. dra vein F М.:...22.................. T sis Diui вае оаа Ага на алаа а Rl Bron аа але Фао RACER LR 
203 
eG GGG 
сы. 
СА 
ОА . 


Fig. 4. Alignment of nucleotide sequences (A, 609 bp) and amino acid sequences (B, 203 aa) of COI gene. 
CG, Crassostrea gigas; CN, C. nippona; CA, C. ariakensis; OA, Ostrea angasi. 
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Table 2. Distance matrix obtained from nucleotide sequences and predicted amino acid sequences of oyster 


mitochondrial COI genes. 


а)1 2 3 4 b) 1 2 3 4 
1. Crassostrea gigas - 0.006 0.009 0.016 - 0.008 0.014 0.021 
2. C. nippona 0.018 - 0.008 0.015 0.015 - 0.012 0.021 
3. С. ariakensis 0.033 0.025 - 0.016 0.044 0.030 - 0.023 
4. Ostrea angasi 0.092 0.081 0.95 - 0.108 0.108 0.133 - 


Note: а) Tamura-Nei distance matrix for COI gene fragment; only 1st and 2nd codon positions were involved. b) p-distance 
matrix for the COI gene fragment; used 203 amino acid sequences. For each, lower-left matrix indicates distance and upper- 
right matrix standard errors. 


45 on 


сс 
СА 
ОА 


6—4 
0.010 


Fig. 5. Phylogenetic tree for four oyster species based on the nucleotide sequence of COI gene. Only 1st and 
2nd positions nucleotide included were involved in this analysis. Neighbor-joining tree constructed with 
Tamura-Nei distance matrix: bootstrap confidence intervals from 500 replicates are indicated. CG, 


Crassostrea gigas; CN, C. nippona; CA, C. ariakensis; OA, Ostrea angasi. 


Tamura-Nei} p-distance method& o]-&s$l6] distance matrix& А 990 (Table 2) o] E | x 
ОРСМА $} neighbor-joining ASS А 590. Z node AAEE 22 7] AskA bootstrapping 
€ 5003] = AAA. 87148 BA AANA B71] 41S € transitionz- transversion S =A] el] 
AVS Ят AZ Sys ABA APIS AH GS а= ug ure aries 
Н) $t B= codon9] $]x]e]a] 3889) Y7)S wa neighbor-joining YAL A)8-8Lej bootstrap- 
ping(5003] WH% ж AFFE A-9Vc Fig. 5). JE UIA 95395 $19] IAA A 
л JAANA AHE GS | 97] sc u$ xp ume] BA] SAS урта += 9] 
7) 4159] 9 (Laure et al., 1997). 1 Ax} 16S rDNA} A 20] #3 него) RAMA} Bow 
q a е AAS ЧЕЧЯЧ. pAg BA AAE UPGMA Hella 165 rDNA 
2e ASSES BY ig. 6, A) neighbor-joining methods A}23AS qe zo} арда 
ZAVAE HAH (Fig. 6, B). Table 2e] YEA COIS] оп] л] 552) SAA Age 
IA эго} BES Sz] (0.015) SSF BEY =SzZ (0.030) Hc A 77g Яо ELC. Neighbor- 
joining ASA, CO AAAA оро АА} о] bootstrap value7} 247) 45%2} 78969] Boe 
мор 548 СОГ FAR} AAS saturationo] Be] sje] AAA А5) Sola Яо ној 
o] AS SHS] FAAS RAPPupI16S:rDNAZL Ч 82-891 Ф AGE ALS Auster. 
сопа PHA Ss ло?) ғо) HAA Ч] A+T s So] 1% BAS 165 rDNA 
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Fig. 6. Phylogenetic trees for four oyster species based on the amino acid sequences of COI gene. (A) 
UPGMA tree and (B) Neighbor-joining tree constructed with p-distance matrix: bootstrap confidence intervals 
from 500 replicates are indicated. CG, Crassostrea gigas; CN, C. nippona; CA, C. ariakensis; OA, Ostrea 
angasi. 


Table 3. Percentage of A+T in 16S rDNA and in codon positions of COI genes. 


col 
16S 
14-243 1+2 3 
Crassostrea gigas 60.6 64.7 71.6 63 
C. nippona 62.9 67.9 78.4 62.3 
C. ariakensis 58.3 60.7 63.2 63 


Note. For COI, the percentage was calculated with the first two (14-2) codon positions, with the third (3) codon position, and 
with all three (14-2 3-3) codon positions. 


ej Bal 299} 4 AG Bonnaud et al., 1994, 1997). Crassostrea & 32-219) 16S rDNA A+T н] 
& (62.3-63%)2 = 40]7} AALY СО AS] APES 99 доз KAFRA. COMAE 
codon uj 87] AAA ер 91-80] 58.3-78.4%= Gees UEC. BH] A+T uie] 
58.3-63.2%2 US = “(ә 60.6-71.6%, З= 62.9-78.4%)3} po] Ж WA} codons} Зя) 
$87] AANA zb UMASS] BPE 2:4 71.6%} 78.4%2] WSS HALY BES 63.2% AE 
=F So Bey 7s S Ао] = BA} (Table 3). о] AZ = ze] 7} 5-49) Crassostrea $ 32501,4 
Zs} Ue) PARAI qudd у лр WS ugs. 
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ass SH upset c sbeb AFARA 5957) ЯА su ue е de A 
= PISI, 24 AAAA AF- 165 DNAS СО SARE 7st 5 = ASS xA e 
99 4, pr ESC ао) = 9-4 4Ң125 rDNA, cytochrome b, СОП, СОШ Ее ЖА) 5 B27} 
д. 
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ABSTRACT 


Partial mitochondrial 16S rDNA and COI gene were amplified using PCR and se- 
quenced for four species of oysters in Korea. Phylogenetic relationships among them were 
inferred from their aligned sequences by neighbor-joining method. The sequence 
comparison data of two mitochondrial genes showed that the genetic distinction between 
two oyster genera (Crassostrea and Ostrea) was obvious. Phylogenetic analysis based on 
the nucleotide sequences and A+T percentage of two genes indicates that C. gigas and C. 
nippona strongly formed a sister group and then C. ariakensis was clustered with the clade 
although that based on amino acid sequences of COI gene by neighborjoining method 


represented different phylogenetic tree. 
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